Introduction {#S0001}
============

According to recent global statistics, 39% of adults are overweight and 13% are obese. [@CIT0001] Obesity, which was once considered a problem of high-income countries, is now on the rise in low- and middle-income countries,[@CIT0002],[@CIT0003] in parallel to the increase in the prevalence of major cardiovascular risk factors such as high blood pressure.[@CIT0004] Indeed, increased adiposity, most commonly captured through body mass index (BMI), is strongly associated with elevated blood pressure.[@CIT0002] Further, Mendelian randomization studies[@CIT0005],[@CIT0006] and randomized intervention trials of weight-loss,[@CIT0007] suggest this relationship to be causal. According to the 2017 Global Burden of Diseases study, high systolic blood pressure (SBP) and high BMI are respectively the first and fourth largest contributor to disability-adjusted life-years (DALYs),[@CIT0008] thus adding substantially to the proportion of morbidity and mortality globally.[@CIT0009]

It has been traditionally accepted that increased blood pressure and BMI are both modifiable risk factors for the development of cardiometabolic diseases.[@CIT0010] However, it could be argued that the relationship between these cardiometabolic risk factors may not be uniform in certain patient populations, such as those with chronic kidney disease (CKD). The hypothesis of "reverse epidemiology" suggests that in contrast to the general population, higher BMI, elevated blood pressure and hypercholesterolemia are paradoxically associated with greater survival in patients with CKD,[@CIT0011] with the underlying mechanism still unknown. Indeed, many observational studies have indicated seemingly counterintuitive associations between obesity and more favourable clinical outcomes in those with moderate to advanced CKD.[@CIT0012] Studies also showed however that high BMI is not associated with better survival among patients with early stage CKD or after kidney transplantation,[@CIT0013] suggesting that excess fat is most protective among the sickest patients. It is however still unclear which component related to obesity is protective in people with CKD. Most previous population-based studies evaluating the association between adiposity and blood pressure used BMI to define the level of adiposity, demonstrating in these studies that higher BMI is significantly associated with increased blood pressure.[@CIT0014] Since BMI does not distinguish between lean and fat mass, other markers of adiposity have been evaluated, including imaging of visceral fat and specific ectopic fat depots; with these shown to be better predictors of increased blood pressure compared to BMI.[@CIT0013],[@CIT0015] Dual-energy X-ray absorptiometry (DXA) technology is available and allows total body composition and body fat distribution to be measured with a higher degree of accuracy and objectivity.[@CIT0016]

Therefore, since increased blood pressure and BMI are both related to better survival in those with CKD, it would be of interest to evaluate the relationship between adiposity and blood pressure in people with CKD compared to those without CKD. Although, various studies have shown a positive association between increased adiposity, blood pressure and hypertension incidence in the general population,[@CIT0015],[@CIT0017] to our knowledge very few studies have examined the independent relationship between anthropometric-derived measures of adiposity (BMI and waist circumference \[WC\]) and brachial blood pressure in people with prevalent CKD. Further, no studies have evaluated the associations between DXA-derived measures of body fat and blood pressure in people with and without CKD. Therefore, the aim of the present study was to examine the relationship between anthropometric and DXA-derived measurements of body fat distribution and blood pressure indices in adults with and without CKD in a community-based sample of mixed-ancestry South Africans.

Materials and Methods {#S0002}
=====================

Study Population and Setting {#S0002-S2001}
----------------------------

For the current analysis, data from the Cape Town Vascular and Metabolic Health study,[@CIT0018] which was collected between February 2015 and November 2015, was used. As previously described,[@CIT0018] participants in the study were adult South Africans of mixed-ancestry. The study was conducted in accordance with the Declaration of Helsinki and approved by the Research Ethics Committees of the Cape Peninsula University of Technology (CPUT) and Stellenbosch University (NHREC: REC-230 408--014 and N14/01/003, respectively). All study procedures were explained in the native language of the participant after which voluntarily signed written informed consent was obtained.

Measurements of Body Fat Distribution {#S0002-S2002}
-------------------------------------

All physical examinations took place at a research clinic on the campus of CPUT, as previously described.[@CIT0019] Briefly, standard anthropometric measurements were done on all participants three times and the average used for the analysis. Body weight (nearest 0.1 kg) was measured with a calibrated Omron body fat meter HBF-511 digital bathroom scale (Kyoto, Japan), with the participant in light clothing and without shoes. A stadiometer was used to determine the height (nearest cm) of each participant, with the participant standing in an upright position, on a flat surface. WC was measured using a non-elastic tape measure, at the level of the narrowest part of the torso, as seen from the anterior view. DXA-derived measures, including total body fat mass (FM), trunk fat mass (TFM), leg fat mass (LFM), arm fat mass (AFM) (all expressed in kg and as %FM), visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) areas were measured, as previously described,[@CIT0016] using the DXA technique (Hologic Discovery-A (S/N 83145), Bedford, MA, USA, software version 12.5:7). From the total sample of 1,621 participants included in the study, only 152 underwent DXA analysis. The participants who had DXA measures were similar in age, BMI, WC and blood pressure to those who did not have DXA measures (data not shown). The proportion of people with CKD was also similar in the sub-sample (n=152) compared to the total sample (n=1621), namely 7% and 6% in the sub-sample and total sample, respectively.

Measures of Brachial Blood Pressure {#S0002-S2003}
-----------------------------------

Blood pressure measurements were taken in a seated position after 10 minutes of seated rest. The systolic and diastolic blood pressure (SBP and DBP, respectively) were recorded three times on the right arm using a semi-automated digital blood pressure monitor (Rossmax PA, USA). The average of the last two measures was used to determine blood pressure levels. Pulse pressure (PP) was determined by subtracting the DBP from the SBP and the mean arterial pressure (MAP) was calculated based on the formula: \[DBP + PP/3\].

Laboratory Measures and Calculations {#S0002-S2004}
------------------------------------

An ISO 15189 accredited Pathology practice (PathCare, Reference Laboratory, Cape Town, South Africa) conducted all the biochemical analysis. According to WHO recommendations,[@CIT0020] blood samples were collected after an overnight fast, as well as two hours after a 75g oral glucose tolerance test (OGTT). As previously described,[@CIT0019] plasma glucose levels and HbA1c were measured by enzymatic hexokinase method (Beckman AU, Beckman Coulter, South Africa) and high-performance liquid chromatography (Biorad Variant Turbo, BioRad, South Africa), respectively. Insulin was determined with a paramagnetic particle chemiluminescence assay (Beckman DXI, Beckman Coulter, South Africa). The homeostatic model assessment of insulin resistance (HOMA-IR) was calculated as follows: fasting insulin concentration (mIU/l) × fasting plasma glucose (mmol/l)/22.5). Serum creatinine was measured by the modified Jaffe-Kinetic method (Beckman AU, Beckman Coulter, South Africa). Kidney function was calculated using the serum creatinine-based estimator of glomerular filtration rate (eGFR), namely the 4-variable ﻿modification of ﻿diet in ﻿renal ﻿disease (MDRD) equation.[@CIT0021] These calculations were not ethnicity corrected, as the South African Renal Society CKD guidelines promote the exclusion of the correction factor, except in the case of black Africans.

Classification of Kidney Function and Co-Morbidities {#S0002-S2005}
----------------------------------------------------

CKD, referred to as an eGFR\<60 mL/min/1.73 m^2^, was based on the National Kidney Foundation Disease Outcomes Quality Initiative (NKF-KDOQI) guidelines.[@CIT0022] Participants were classified as having hypertension if they had a SBP ≥140 mmHg and/or DBP ≥90 mmHg,[@CIT0023] or were on hypertensive medication at the time of the interview. A BMI≥25kg/m^2^ and BMI≥30kg/m^2^ were classified as overweight and obese, respectively. OGTT glucose levels were used to group participants into glucose tolerance categories according to WHO criteria as: (1) normal glucose tolerance \[FG \<6.1 mmol/l and 2-h glucose \<7.8 mmol/l\]; (2) pre-diabetes including impaired FG (IFG; 6.1≤FG\< 7.0 mmol/l), impaired glucose tolerance (IGT; 7.8\<2-h glucose\<11.1 mmol/l) and the combination of both; and (3) type 2 diabetes (T2D) (FG≥7.0 mmol/l and/or 2-h glucose≥11.1 mmol/l). In addition to the screen-detected T2D, those with a history of previously diagnosed T2D were also grouped as T2D.

Statistical Analysis {#S0002-S2006}
--------------------

Participant characteristics were summarised as median (25th--75th percentiles) or count and percentages. Group comparisons were performed using chi-square tests (categorical variables) and Wilcoxon rank-sum tests (continuous variables). Analysis of variance (ANOVA), adjusting for age, was used to compare means of DXA-derived measures of body fat distribution between individuals with and without CKD. Correlations between measures of body fat distribution and blood pressure indices were evaluated using Spearman's rank correlation coefficients (rho, *r*). Robust multiple linear regression analyses were used to assess the independent association between the measures of body fat distribution and blood pressure indices, while adjusting for age, gender, CKD status and the interaction between CKD and the measures of body fat distribution. To further investigate the interaction between the measures of body fat distribution and the blood pressure indices, predictive margins were estimated, and graphs plotted. The average marginal effect was also computed from the predictive margins (annotated as dy/dx). All statistical analyses were performed using STATA version 15 (StataCorp, College Station, TX) and statistical significance was based on a p-value \<0.05, except for interaction tests where p\<0.10 was taken to indicate significant results. This modification of the alpha level to 10% was to assess the effect modification, thus evaluating the magnitude of the association between blood pressure and the measures of body fat distribution by CKD status.

Results {#S0003}
=======

The clinical characteristics of the study population are summarised in [Table 1](#T0001){ref-type="table"}. This population has been characterized in great detail previously.[@CIT0019] To summarize, 1,621 participants were included in this sample, with 25.1% being male, with a group median age of 51 years, and 6% of the total sample presenting with CKD (eGFR\<60 mL/min/1.73m^2^; stage 3--5). CKD was associated with an older age (68 vs 49 years; p\<0.0001), with 79.2%, 15.6% and 5.2% presenting with stages 3, 4 and 5 CKD, respectively. Those with CKD had on average a larger WC (99.0 vs 90.8 cm; p\<0.0001), higher BMI (30.4 vs 28.2 kg/m^2^; p=0.0035), and 80.2% were overweight/obese, compared to the participants without CKD, of which 64.7% were overweight/obese. There were no differences in the DXA-derived measures for SAT, FM, TFM, LFM and AFM, between those with CKD compared to those without CKD (p\>0.217 for all). However, those with CKD had higher VAT (228.4 vs 174.9 cm^2^; p=0.0052), but after adjusting VAT content for differences in age between groups, this difference was no longer significant (p=0.614). Further, CKD was associated with higher SBP (141 vs 125 mmHg; p\<0.0001), PP (55 vs 43 mmHg; p\<0.0001) and MAP (100.3 vs 95.7 mmHg; p=0.0005), but with similar DBP (80.5 vs 81.0 mmHg; p=0.315). Accordingly, those with CKD had a higher prevalence of hypertension than those without CKD (63.5% vs 36.8%, p\<0.0001). Higher fasting and 2-hour blood glucose (5.3 vs 5.0 mmol/l; p\<0.0001 and 7.4 vs 6.0 mmol/l; p\<0.0001, respectively), fasting and 2-hour insulin levels (7.6 vs 6.7 IU/l; p=0.033 and 58.8 vs 37.3 IU/l; p=0.0003, respectively), and HOMA-IR index (2.1 vs 1.5; p=0.0012) were found in the CKD group compared to those with normal kidney function. Consequently, 19.8% and 38.5% of the participants with CKD had IFG/IGT and T2D, compared to 17.2% and 15.7% in those without CKD, respectively. Table 1Clinical Characteristics of the Study Population Overall and by CKD StatusVariablesTotal Sample (n=1621)Without CKD (n=1525)CKD (n=96)p-valueDXA Sub-Sample (n=152)Without CKD (n=141)CKD (n=11)Age (years)51 (37--61)49 (36--59)68 (62--73.5)\<0.0001Gender (n,% male)406 (25.1)378 (25.4)19 (19.8)0.221Body Fat Distribution Weight (kg)71.8 (59.2--85.3)71.5 (59.0--85.2)74.0 (64.6--87.0)0.120 Waist circumference (cm)91.5 (78.1--103.2)90.8 (77.5--102.8)99.0 (89.0--105.8)\<0.0001 Body mass index (kg/m^2^)28.3 (22.8--34.1)28.2 (22.5--34.1)30.4 (26.0--36.1)0.0035 Fat mass (kg)30.6 (22.5--38.2)30.3 (22.1--36.9)31.0 (25.9--42.7)0.365 Fat mass (%)42.1 (34.5--46.7)42.3 (33.9--46.5)41.0 (38.8--48.1)0.477 Trunk fat mass (kg)16.0 (11.5--20.7)16.0 (11.2--20.4)17.7 (13.3--21.8)0.293 Trunk fat mass (%FM)52.1 (48.1--56.1)52.0 (48.1--56.1)54.3 (48.7--56.6)0.534 Leg fat mass (kg)10.2 (7.6--13.9)10.1 (7.4--13.9)11.2 (9.1--13.7)0.488 Leg fat mass (%FM)35.6 (31.0--40.2)35.8 (31.2--40.2)34.6 (31.0--39.4)0.466 Arm fat mass (kg)3.7 (2.5--4.8)3.7 (2.5--4.8)3.9 (3.4--5.1)0.266 Arm fat mass (%FM)11.9 (10.8--13.4)11.9 (10.7--13.5)11.9 (11.1--13.7)0.756 Visceral adipose tissue (cm^2^)180.8 ± 81.8174.9 ± 79.1228.4 ± 89.80.0052 Subcutaneous adipose tissue (cm^2^)421.7 ± 158.4418.1 ± 160.4450.2 ± 142.40.217Blood Pressure Measures Systolic blood pressure (mmHg)125.0 (111.0--141.0)125.0 (110.0--140.0)141.0 (118.0--162.0)\<0.0001 Diastolic blood pressure (mmHg)81.0 (72.0--90.0)81.0 (72.0--90.0)80.5 (74.0--93.0)0.315 Pulse pressure (mmHg)44.0 (34.0--55.0)43.0 (34.0--54.0)55.0 (42.0--72.0)\<0.0001 Mean arterial pressure (mmHg)95.7 (86.0--106.3)95.7 (85.7--105.7)100.3 (92.3--114.6)0.0005Biochemical Measures Fasting blood glucose (mmol/l)5.0 (4.6--5.7)5.0 (4.6--5.6)5.3 (5.0--7.1)\<0.0001 2-hour glucose (mmol/l)6.0 (4.9--7.6)6.0 (4.8--7.5)7.4 (6.1--9.2)\<0.0001 Fasting insulin (IU/l)6.7 (4.2--11.0)6.7 (4.2--10.9)7.6 (5.1--12.1)0.033 2-hour insulin (IU/l)37.9 (20.5--70.9)37.3 (19.8--69.7)58.8 (29.5--105.2)0.0003 HOMA-IR1.6 (0.9--2.8)1.5 (0.9--2.8)2.1 (1.1--3.5)0.0012 HbA1c (%)5.8 (5.4--6.3)5.7 (5.4--6.2)6.2 (5.9--7.1)\<0.0001 Creatinine (µmol/l)59.0 (52.0--70.0)59.0 (51.0--68.0)105.5 (89.0--137.5)\<0.0001 eGFR (mL/min/1.73m^2^)102.5 (85.0--119.4)104.4 (88.4--121.5)48.5 (34.1--56.2)\<0.0001Co-morbiditiesHypertension (n, %)622 (38.4)561 (36.8)61 (63.5)\<0.0001BMI categories (n, %)0.008 Normal weight557 (34.4)538 (35.3)19 (19.8) Overweight372 (23.0)345 (22.6)27 (28.1) Obese692 (42.7)642 (42.1)50 (52.1)Glucose tolerance categories (n, %)\<0.0001 Normal glucose tolerance1048 (64.7)1009 (66.2)39 (40.6) IFG/IGT281 (17.3)262 (17.2)19 (19.8) Type 2 diabetes277 (17.1)240 (15.7)37 (38.5)[^1][^2]

The correlations between anthropometric-derived and DXA-derived measures of body fat distribution and blood pressure indices in the total sample and dichotomized by CKD status, are shown in [Table 2](#T0002){ref-type="table"}. In the total sample, an increase in BMI and WC were associated with an increase in all blood pressure indices (p\<0.004 for all). In addition, all the DXA-derived measures, were positively associated with SBP, DBP and MAP (p\<0.03 for all), except for LFM, which was not associated with any of the blood pressure indices (p\>0.100 for all). Further, VAT was also positively associated with PP (p=0.0002). When analyzing the correlations by CKD status, similar results were obtained in the group with normal kidney function, compared to the total sample, however SAT was not associated with SBP (p=0.057) in the group without CKD. On the contrary, in those with CKD, only BMI was inversely correlated to PP (p=0.0349), with none of the other measures of body fat distribution correlating with any of the blood pressure indices (p\>0.05 for all). Table 2Correlations Between Blood Pressure and Measures of Body Fat DistributionTotalWithout CKDCKDrhop-valuerhop-valuerhop-valueSBP Body mass index (kg/m^2^)0.18\<0.00010.19\<0.0001−0.120.231 Waist circumference (cm)0.230.00010.24\<0.0001−0.240.235 Fat mass (kg)0.180.02360.220.0100−0.190.459 Trunk fat mass (kg)0.200.01310.230.0066−0.130.619 Leg fat mass (kg)0.130.1010.170.053−0.210.422 Arm fat mass (kg)0.210.00840.250.0036−0.090.740 Visceral adipose tissue (cm^2^)0.310.00010.340.00010.030.896 Subcutaneous adipose tissue (cm^2^)0.170.03430.160.057−0.110.666DBP Body mass index (kg/m^2^)0.21\<0.00010.22\<0.00010.130.216 Waist circumference (cm)0.23\<0.00010.23\<0.00010.090.379 Fat mass (kg)0.180.02980.200.01890.100.704 Trunk fat mass (kg)0.210.01060.230.00660.140.605 Leg fat mass (kg)0.100.2170.130.145−0.010.983 Arm fat mass (kg)0.210.01060.230.00680.160.529 Visceral adipose tissue (cm^2^)0.220.00530.230.00750.310.229 Subcutaneous adipose tissue (cm^2^)0.190.01610.220.00980.180.485PP Body mass index (kg/m^2^)0.080.00260.080.0036−0.210.0349 Waist circumference (cm)0.13\<0.00010.13\<0.0001−0.190.057 Fat mass (kg)0.140.0790.160.062−0.160.547 Trunk fat mass (kg)0.150.0680.160.068−0.090.726 Leg fat mass (kg)0.120.1520.140.106−0.160.549 Arm fat mass (kg)0.160.05350.180.050−0.030.907 Visceral adipose tissue (cm^2^)0.300.00020.300.00040.020.929 Subcutaneous adipose tissue (cm^2^)0.080.3380.080.344−0.090.743MAP Body mass index (kg/m^2^)0.21\<0.00010.21\<0.0001−0.010.901 Waist circumference (cm)0.24\<0.00010.25\<0.0001−0.000.098 Fat mass (kg)0.190.02070.220.0089−0.100.715 Trunk fat mass (kg)0.210.00870.250.0040−0.050.837 Leg fat mass (kg)0.120.1270.160.058−0.160.531 Arm fat mass (kg)0.220.00620.260.0024−0.000.987 Visceral adipose tissue (cm^2^)0.270.00080.290.00060.120.653 Subcutaneous adipose tissue (cm^2^)0.190.02170.210.0158−0.010.974[^3][^4]

The adjusted regression coefficients from robust multiple linear models for the prediction of blood pressure levels by anthropometric-derived and DXA-derived measures of body fat distribution are presented in [Tables 3](#T0003){ref-type="table"} and [4](#T0004){ref-type="table"} respectively. The graphic representation of the significant interactions between CKD status and the measures of body fat distribution are presented in [Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}. Only the anthropometric-derived measures of body fat distribution were independently associated with blood pressure, after adjusting for age, gender and CKD status. Indeed, in the overall sample, higher BMI and WC were associated with higher SBP, DBP and MAP ([Table 3](#T0003){ref-type="table"}). BMI and WC were not associated with PP after adjustment. Notably, increasing BMI and WC were associated with increasing DBP and MAP for both those with CKD and those with normal kidney function (interaction: p=0.433 and p=0.928 for DBP and MAP, respectively). However, the association between these anthropometric-derived measures with SBP and PP, differed by CKD status (interaction: p\<0.100 for all), such that BMI and WC were positively associated with SBP only in those with normal kidney function and inversely associated with PP in only the participants with CKD ([Figure 1](#F0001){ref-type="fig"}). Although the adjusted associations between the DXA-derived measures of body fat distribution and blood pressure were not significant in the total group (p\>0.1 for all) ([Table 4](#T0004){ref-type="table"}), LFM was inversely associated with SBP and PP in the participants with prevalent CKD, with no association in those with normal kidney function ([Figure 2](#F0002){ref-type="fig"}). Table 3Regression Coefficients from Robust Multiple Linear Models for the Prediction of Blood Pressure Level by Anthropometric-Derived Measures of Body Fat Distribution, Accounting for Potential Effects of Age and GenderSBPDBPPPMAPβ95% CIpβ95% CIpβ95% CIpβ95% CIpAge0.690.62 to 0.76\<0.00010.180.13 to 0.22\<0.00010.470.43 to 0.52\<0.00010.360.31 to 0.41\<0.0001Gender−3.14−5.57 to −0.710.0110.54−1.04 to 2.120.504−3.65−5.29 to −2.01\<0.0001−0.50−2.24 to 1.240.572BMI0.270.13 to 0.41\<0.00010.270.18 to 0.36\<0.00010.03−0.07 to 0.120.5840.250.16 to 0.35\<0.0001CKD15.60−2.31 to 33.500.088−7.76−19.41 to 3.890.19219.27.13 to 31.270.002−2.61−15.43 to 10.210.690CKDxBMI−0.47−1.03 to 0.090.0980.14−0.22 to 0.510.433−0.49−0.86 to −0.110.0110.02−0.38 to 0.420.928Adjusted R^2^0.200.060.190.13Age0.680.61 to 0.75\<0.00010.160.12 to 0.21\<0.00010.480.43 to 0.53\<0.00010.340.29 to 0.39\<0.0001Gender−2.51−4.86 to −0.150.0371.09−0.44 to 2.630.161−3.48−5.06 to −1.90\<0.00010.07−1.62 to 1.760.936WC0.130.06 to 0.19\<0.00010.130.09 to 0.17\<0.00010.00−0.05 to 0.040.8220.120.08 to 0.17\<0.0001CKD32.117.89 to 56.330.009−1.50−17.27 to 14.270.85230.3614.06 to 46.66\<0.00016.16−11.22 to 23.530.487CKDxWC−0.32−0.56 to −0.080.010−0.02−0.18 to 0.140.812−0.27−0.43 to −0.100.001−0.08−0.26 to 0.090.337Adjusted R^2^0.200.070.190.13[^5][^6] Table 4Regression Coefficients from Robust Multiple Linear Models for the Prediction of Blood Pressure by DXA-Derived Measures of Body Fat Distribution, Accounting for Potential Effects of Age and GenderSBPDBPPPMAPβ95% CIpβ95% CIpβ95% CIpβ95% CIp Age0.840.64 to 1.04\<0.00010.180.04 to 0.310.0110.610.46 to 0.76\<0.00010.400.26 to 0.54\<0.0001 Gender1.17−6.73 to 9.070.7701.49−3.91 to 6.890.587−0.27−6.17 to 5.630.9271.49−4.20 to 7.180.606 FM0.05−0.20 to 0.310.6700.10−0.07 to 0.270.278−0.01−0.20 to 0.180.8850.08−0.10 to 0.260.398 CKD6.89−16.8 to 30.570.567−5.37−21.57 to 10.820.5139.84−7.86 to 27.530.274−1.89−18.95 to 15.170.827 CKDxFM−0.40−1.04 to 0.250.227−0.07−0.52 to 0.370.746−0.28−0.76 to 0.200.253−0.16−0.63 to 0.300.493Adjusted R^2^0.310.080.310.18 Age0.840.64 to 1.04\<0.00010.170.03 to 0.300.0160.620.47 to 0.77\<0.00010.390.25 to 0.53\<0.0001 Gender0.90−6.74 to 8.530.8161.28−3.84 to 6.400.623−0.29−6.01 to 5.420.9191.26−4.20 to 6.730.648 TFM0.13−0.34 to 0.600.5920.25−0.07 to 0.570.123−0.06−0.42 to 0.290.7240.20−0.13 to 0.540.235 CKD2.89−20.26 to 26.030.806−5.72−21.24 to 9.800.4685.48−11.84 to 22.800.533−3.32−19.88 to 13.240.693 CKDxTFM−0.54−1.73 to 0.650.369−0.12−0.91 to 0.680.770−0.30−1.19 to 0.580.500−0.23−1.08 to 0.620.589Adjusted R^2^0.310.090.300.19 Age0.840.65 to 1.04\<0.00010.200.06 to 0.330.0040.610.46 to 0.75\<0.00010.410.27 to 0.56\<0.0001 Gender2.09−5.97 to 10.140.6092.80−2.67 to 8.260.313−0.42−6.38 to 5.540.8902.68−3.16 to 8.520.365 LFM0.06−0.58 to 0.710.8540.04−0.40 to 0.480.8570.06−0.42 to 0.530.8150.03−0.43 to 0.500.888 CKD15.01−7.99 to 38.000.199−2.51−18.10 to 13.080.75115.31−1.71 to 32.330.0782.17−14.49 to 18.830.797 CKDxLFM−1.81−3.61 to 0.000.050−0.42−1.64 to 0.810.503−1.27−2.60 to 0.070.064−0.80−2.11 to 0.510.232Adjusted R^2^0.320.080.310.18 Age0.840.64 to 1.04\<0.00010.170.03 to 0.310.0140.620.47 to 0.77\<0.00010.400.25 to 0.54\<0.0001 Gender1.14−6.87 to 9.140.7791.09−4.40 to 6.570.6960.05−5.93 to 6.040.9861.10−4.66 to 6.870.706 AFM0.38−1.50 to 2.260.6900.83−0.45 to 2.120.203−0.30−1.70 to 1.110.6770.70−0.65 to 2.050.307 CKD−0.17−20.83 to 20.500.987−7.12−21.28 to 7.030.3224.08−11.37 to 19.520.603−5.28−20.17 to 9.610.485 CKDxAFM−1.65−6.07 to 2.770.462−0.21−3.23 to 2.820.893−1.00−4.31 to 2.300.550−0.58−3.77 to 2.600.716Adjusted R^2^0.310.080.300.18 Age0.840.62 to 1.06\<0.00010.13−0.01 to 0.270.0780.620.46 to 0.79\<0.00010.370.21 to 0.53\<0.0001 Gender1.74−5.51 to 8.990.6362.68−2.13 to 7.490.273−0.53−5.93 to 4.880.8482.58−2.58 to 7.750.325 VAT0.01−0.04 to 0.050.7880.02−0.00 to 0.050.102−0.01−0.04 to 0.020.6740.02−0.01 to 0.050.280 CKD−12.38−36.94 to 12.170.321−12.10−28.39 to 4.200.145−3.12−21.44 to 15.210.737−12.22−29.73 to 5.280.170 CKDxVAT0.02−0.08 to 0.120.6830.02−0.05 to 0.090.5880.01−0.07 to 0.090.7850.02−0.05 to 0.090.562Adjusted R^2^0.310.100.310.19 Age0.850.65 to 1.05\<0.00010.170.03 to 0.300.0140.620.47 to 0.77\<0.00010.400.25 to 0.54\<0.0001 Gender0.91−7.25 to 9.060.8260.54−4.88 to 5.960.8430.16−5.91 to 6.230.9580.82−5.01 to 6.650.782 SAT0.00−0.02 to 0.020.7250.01−0.00 to 0.030.100−0.00−0.02 to 0.010.5610.01−0.01 to 0.020.256 CKD−1.97−31.34 to 27.410.895−6.31−25.83 to 13.210.5241.95−19.92 to 23.820.860−5.23−26.24 to 15.790.624 CKDxSAT−0.01−0.07 to 0.050.698−0.00−0.04 to 0.040.884−0.01−0.05 to 0.040.807−0.01−0.05 to 0.040.819Adjusted R^2^0.310.090.300.18[^7][^8] Figure 1Adjusted association between blood pressure indices and anthropometric-derived measures of body fat distribution, dichotomized by CKD status. Presentation of graphs are as follows: Adjusted association between, (**A**) systolic blood pressure and body mass index, (**B**) pulse pressure and body mass index, (**C**) systolic blood pressure and waist circumference and (**D**) pulse pressure and waist circumference. Data is presented as (1) linear predictive margins for those with CKD (dashed line) and those without CKD (solid line) with 95% CI and (2) the average marginal effect (dy/dx), 95% CI and p-value indicating the association between blood pressure and measures of body fat distribution, for those with and without CKD.Figure 2Adjusted association between blood pressure indices and DXA-derived measures of body fat distribution, dichotomized by CKD status. Presentation of graphs are as follows: Adjusted association between, (**A**) systolic blood pressure and leg fat mass, (**B**) pulse pressure and leg fat mass. Data is presented as (1) linear predictive margins for those with CKD (dashed line) and those without CKD (solid line) with 95% CI and (2) the average marginal effect (dy/dx), 95% CI and p-value indicating the association between blood pressure and measures of body fat distribution, for those with and without CKD.

Discussion {#S0004}
==========

The main findings in this community-based sample of mixed-ancestry South Africans is that an increase in measures of total body fat and centralized body fat depots are associated with an increase in blood pressure in the general group. However, the independent association between measures of body fat and blood pressure differ by CKD status, such that BMI and WC are positively associated with SBP only in those without CKD and inversely associated with PP only in those with reduced kidney function. Furthermore, higher LFM is associated with lower SBP and PP only in the participants with prevalent CKD.

In accordance with other studies attributing elevated blood pressure to increased cardiovascular risk from elevated weight,[@CIT0024],[@CIT0025] we too show that increased levels of adiposity are associated with increased blood pressure. Accordingly, our findings of BMI and WC-associated rise in SBP, DBP and MAP support this theory for the general sample, however elevated SBP is not associated with elevated BMI and WC in the group with prevalent CKD. Our results are supported by a study by Kolade et al,[@CIT0026] who demonstrated that BMI and WC were associated with brachial and central SBP in healthy individuals, but that there were no associations in patients with end-stage renal disease. In our study, given that the greatest proportion of participants with CKD presented with a BMI ≥30 kg/m^2^ and a median WC of 99 cm, one could argue that this lack of association with SBP may purely be due to a ceiling effect. With that said, referring to the study by Kolade et al[@CIT0026] with similar results to our study, the population with CKD in that study had a mean BMI of 27.2 kg/m^2^ with a larger variability range. Alternatively, it is possible that the use of drugs that affect the vasculature, such as statins and antihypertensive agents, could be an influencing factor. Indeed, blood pressure lowering agents are often used preventatively in the absence of high blood pressure in patients with diseases like diabetes and coronary artery disease, of which increased large artery stiffness and impaired endothelial function are common features. Even though nearly 40% of the participants with CKD in our study also had diabetes, this theory cannot be confirmed nor rejected as we did not adjust for blood pressure lowering medication use in those without hypertension. Therefore, the lack of association in people with prevalent CKD has not been fully elucidated and the mechanism can only be speculated upon.

Notably, in people with prevalent CKD, higher BMI and WC are associated with lower PP. Thus, higher BMI and WC are associated with lower cardiac force generated with each contraction. The same counterintuitive association with PP has been shown in people with hypertension, when compared to those without hypertension.[@CIT0027],[@CIT0028] In these studies, a larger physique was associated with a lower PP.[@CIT0028] This inverse relationship between BMI and WC with PP might help to explain the reported lower mortality rate in people with a higher level of adiposity,[@CIT0029] a phenomenon previously hypothesized but not fully elucidated.[@CIT0030] Indeed, previous studies have shown that in individuals with kidney dysfunction, a lower BMI or weight loss over time is associated with poorer outcomes, whereas higher BMI or gaining solid weight is protective and associated with better survival in this group.[@CIT0031] Thus, our results might support the idea that elevated body mass is potentially protective in disease states like CKD, a condition typically referred to as reverse epidemiology.[@CIT0011] Taken together, our results might lend support to the hypothesis that the underlying mechanism explaining these finding are linked to arterial stiffness. Although this hypothesis needs to be further explored, previous studies[@CIT0026],[@CIT0032] have shown that in disease states like CKD, BMI and weight are inversely and independently related to pulse wave velocity (PWV) and augmentation index (Aix). Thus, in patients with CKD, higher levels of adiposity are associated with lower levels in the parameters used to determine arterial stiffness (such as Aix and PWV).[@CIT0026],[@CIT0032] In the current study we have no direct measurements of vascular stiffness, however it seems plausible to link PP to arterial stiffness in CKD, since PP have been shown to be an independent predictor of arterial stiffness in patients with mild to moderate CKD.[@CIT0033] Therefore, one could hypothesize that CKD patients with increased BMI and WC may have lower arterial stiffness explaining the reduced cardiovascular risk and thus lower mortality in these individuals. Although the exact mechanisms behind the seemingly counterintuitive associations between anthropometric-derived measures of body fat distribution and blood pressure indices remains to be elucidated, our findings might help to explain reverse epidemiology in prevalent CKD. However, with that said, the aim of the current study was not to investigate reverse epidemiology nor the direct effect of adiposity on arterial stiffness, therefore studies are needed to further investigate this hypothesis.

The distribution of body fat is another important consideration as it is still unclear which component related to obesity is protective in people with CKD. In the current study, the DXA-derived measures of body fat distribution were not independently associated with blood pressure in the total group. It could be argued that the lack of association may be the effect of inadequate statistical power as only 152 participants underwent DXA scans. However, despite the significantly reduced sample size, when analyzing the sample by CKD status, we found that higher LFM is associated with lower SBP and PP only in the participants with prevalent CKD. Thus, suggesting that increased leg fat is associated with cardiovascular protection in people with CKD. This finding further lends supports to our theory of reduced arterial stiffness in people with CKD. Indeed, previous studies have shown that a greater leg fat mass was inversely associated with arterial stiffness in the general population.[@CIT0034],[@CIT0035] The study by Lee et al[@CIT0035] showed that for each standard deviation increase in LFM, a similar magnitude of decrease in PWV was observed, and that this differential association between LFM and arterial stiffness remained consistent even after adjustment for age, and total body composition including fat and total body lean mass. Although further studies are needed to substantiate our hypothesis, to our knowledge, our study is the first to indicate that LFM is inversely associated with blood pressure in people with prevalent CKD.

It is important to note that this study has some limitations. The effect of gender could not be tested, given a predominantly female population. However, this is common in South African population studies, and as such we did correct for gender in our analysis. According to NKF-KDOQI guidelines, CKD is defined as an eGFR \<60 mL/min/1.73 m^2^ for ≥3months and/or increased urinary albumin excretion (≥30 mg/24h).[@CIT0022] For the current study, CKD was based on a single time-point creatinine assessment and not on repeated measurements and our study did not include estimates of albuminuria. Furthermore, the association across CKD categories could not be evaluated as there were very few participants in the very advanced stages of CKD (stage ≥4). No direct measurements of vascular stiffness were made, and information related to anti-hypertensive use in those without hypertension as a preventative measure was not captured, so we can only speculate that the association between higher BMI, WC, LFM and lower PP was attributable to vascular stiffness. Finally, we only had access to DXA measures of 152 (about 9% of the total sample) and we had no measure of protein and caloric intake. Despite these limitations, we are not aware of other studies that have assessed the association between DXA-derived measurements of body fat distribution and blood pressure indices in adults with and without CKD, especially in a sample of mixed-ancestry South Africans.

Conclusions {#S0005}
===========

While this study is based on a cross-sectional analysis and therefore not feasible to establish a causal association between body fat distribution and blood pressure, our results point to the fact that excess body fat has a protective or neutral effect on blood pressure in people with prevalent CKD. This might explain the reduced cardiovascular risk and all-cause mortality observed in the CKD patient population. However, due to the data limitations, these results should be interpreted cautiously.
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[^1]: **Note:** Data presented as median (25th-75th percentile), mean ±  SD and percentages.

[^2]: **Abbreviations:** CKD, chronic kidney disease; BMI, body mass index; HOMA-IR, homeostatic model assessment-insulin resistance; HbA1c, glycated haemoglobin; eGFR, estimated glomerular filtration rate; IFG, impaired fasting glucose; IGT, impaired glucose tolerance.

[^3]: **Note:** Data is presented as Spearman correlation coefficients (*r*) and p-value.

[^4]: **Abbreviation:** CKD, chronic kidney disease.

[^5]: **Notes:** Data are presented as β-coefficients, 95% confidence intervals (CI) and p-values (p) for each body distribution variable, as well as R^2^ for each model; BMI in kg/m^2^; WC in cm.

[^6]: **Abbreviations:** SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; MAP, mean arterial pressure; BMI, body mass index; WC, waist-circumference; CKD, chronic kidney disease.

[^7]: **Notes:** Data are presented as β-coefficients, 95% confidence intervals (CI) and p-values (p) for each body distribution variable, as well as R^2^ for each model; All fat mass measures in kg.

[^8]: **Abbreviations:** SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; MAP, mean arterial pressure; BMI, body mass index; WC, waist circumference; CKD, chronic kidney disease; FM, fat mass; TFM, trunk fat mass; LFM, leg fat mass; AFM, arm fat mass; VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue.
